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Abstract 
In the field of the purification of wastewater the solar photocatalysis offers an interesting alternative. A process that uses 
luminous solar radiations to initiate chemical reactions which resists the attack and the destruction of the organic pollutants and 
the pathogenic agents. 
These characteristics allow the solar photocatalysis to be indispensable like an alternative technology for cleaning up as well as 
the disinfection of wastewater and integrates it in the concept of the durable development. 
Preliminary test results showed that the solar photocatalytic treatment of linuron gave a removal rate of 70% for more than 300 
minutes. 
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1. Introduction
Energy is considered as a essential agent for the economic development and a significant factor of creation and 
appreciation as well. On the other hand, the unrestrained use of this resource, mainly these two last decades, 
generated a concrete risk of environmental degradation and the prevalent ecological concern. The increasing 
obviousness of the environmental problems is due to a combination of several factors, since the environmental 
impact of the human activities increased considerably because of the growth of the world population, the energetic 
consumption and the industrial activities [1, 2].  
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The recourse to the use of renewable energies would solve these problems. Indeed, it would be useful to recall that 
the use of renewable energies, particularly solar energy, in the various fields of the development knows an important 
increase on a world level. 
The recourse to the use of renewable energies would be beneficial in Algeria which is exposed to the sun the major 
part of the year and must benefit from this energy which has the advantage of being an inexhaustible resource.  
More especially that apart from the solar photovoltaic energy field, several other sectors’ users could benefit from it 
in particular "purification from wastewater". 
Indeed, this sector uses processes such as the physicochemical treatments, the activated sludge, which are expensive 
and consume a lot of energy. Our article presents our contribution to the proposal for a new technique of cheap 
cleaning up which is slightly dependent on fossil fuels considered as model of management integrated in a durable 
design of development: the solar photocatalysis. This process uses luminous solar radiations to initiate chemical 
reactions which resists attacks and the destruction of the organic pollutants and the pathogenic agents.  
  
2. The photocatalysis  
The photo treatment catalytic solar is presented in the form of a technology of choice  [3] for the cleaning up and the 
integration of wastewater, because it is a powerful, simple and economical system using a renewable energy.  These 
various characteristics generated a great interest from the researchers for comprehension, the optimization and the 
industrial application of this process. 
The photocatalysis has found many applications in the environmental field; it has first been developed for the 
treatment of water where many studies have demonstrated the effectiveness of the method on the families of very 
different organic compounds such as saturated or unsaturated hydrocarbons, oxygenated compounds, pesticides, 
dyes, aliphatic acids, surfactants and various aromatic compounds. It is also used for the air cleaning, the recovery of 
metals and more recently, obtaining self-cleaning materials such as glazed surfaces [4]. The most part of the work 
was carried out at the laboratory and pilot reactors.     
2.1 Principle of the photocatalysis  
The principle of the water treatment by heterogeneous photocatalysis uses the excitation by the ultraviolet light of a 
semiconductor in the form of solid particles settings in contact with water to be treated [5]. The heterogeneous 
photocatalysis is started by the semiconductor material irradiation with photons of energy adapted to the solid.  It 
allows fast oxidation until the complete mineralization of many organic compounds, nitrogenized, etc. adsorbed on 
catalyst. It is necessary indeed that there is mass transfer of the pollutant of the liquid phase towards the surface of 
catalyst so that there can be reaction and adsorption is the first stage necessary to any heterogeneous catalytic 
reaction. 
Concerning the effectiveness of the technique like means of cleaning up of water on the scale of the laboratory or 
industrial, the kinetics of degradation depends on five principals factors those would have to be optimized [6, 2]: 
1. Catalyst mass when this last is powder  
2. The wavelength and light radiation 
3. Intensity of the light radiation  
4. Pollutant Initial concentration  
5. Geometry and dimensions of the reactor  
2. 2. The catalyst
A catalyst is a solid which has the property to accelerate the reaction rate of a chemical conversion 
thermodynamically possible. The catalyst is found unaltered at the end of the reaction.  
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If the catalyst is a solid, it is able to create active intermediaries of a different type: in fact the adsorbed species by 
rupture of the intermolecular connections, form connections with surface. The heterogeneous catalysis is primarily a 
phenomenon of surface. The choice of a semiconductor in proceeds photocatalytic appears limited in consequence 
of the very selective criteria like the catalytic activity, insolubility, not - toxicity and stability in the darkness in 
contact with the reactional medium and under the irradiation. These considerations are significant water treatment 
process. The catalyst is generally used in the form of powder in suspension. They can also be attached or 
incorporated in motionless supports. The processes using this type of photocatalyst make it possible to avoid the 
stages of filtration or decantation and resuspension of a powder photocatalyst.  
Because of the important advantages that presents TiO2 is used the most for the purification of water. Among these 
advantages we can include the most important [2]:  
• Stable, not very expensive, not toxic; 
• The use of additives is not necessary; 
• The most effective catalyst;  
• Support the photodegradation of a broad range of pollutants of interior at ambient temperature. 
3. Experimental installation    
The researchers highlighted the possibility of degrading until the complete mineralization of many pollutants. 
However, in spite of the recognized effectiveness of this technique, there exists to date only few reactors able to 
treat flows of significant effluents.
In this concept we chose the design and the realization of a tubular solar photocatalytic reactor in order to ensure the 
water treatment polluted. We realized, within the workshops of the Solar Equipment Development Unit "UDES", a 
tubular prototype of photocatalytic reactor (see Fig 1) dimensioned for the treatment of 30 litters water polluted in 
closed circuit. 
Concerning the energy, the experimental device is designed to function only with solar energy that ensures its 
energy autonomy. 
The solar photocatalytic reactor used in this experiment is based on compound collector technology [7]. This small 
prototype consists of one photoreactor module with 05 tubes out of glass assembled in series (1m length x 65 mm 
interne diameter x 2 mm thickness) mounted on aluminium reflectors. The tubular solar prototype reactor was 
dimensioned for the treatment of 30 litres of polluted water in closed circuit. The reaction system was continuously 
stirred to achieve a homogeneous suspension.  
The photocatalytic application installed using sun-light irradiation. This solar ultraviolet radiation (UV) was 
measured by global UV radiometer (KIPP&ZONZN, CMP11) mounted on a plat form titled 35° as the same as the 
reactor. 
This study verifies the efficiency of the heterogeneous photocatalysis (UV/TiO2) in the treatment of aqueous 
solutions containing Linuron (LN) herbicide. Linuron (LN), is one of the most important phenylurea herbicides, that 
has received particular attention in recent years due to the toxicity. 
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Fig 1: prototype of the tubular photo catalytic reactor (UDES 2010) 
4. Experimental procedure 
4.1 Hydrodynamic of reactor 
The performance of the reactor is often related to the distribution of residence times. In a real reactor, the molecules 
remain in the reactor volume VR for times t which depend in particular the hydrodynamic profile and the reactor 
geometry. These residence times can deviate from the mean residence time [8].  
Measuring the mean residence time is based on injecting a tracer entered the reactor and set the response as a 
function of time. The injected tracer is the stimulus or signal, and the result of the monitoring is the response. Two 
types of stimulus that can be made relatively well defined are the pulse or Dirac signal and the step-change signal 
[9]. The method is to trace the tracer time evolution concentration C, the complete restitution curve of the tracer 
allow us to calculate the mean residence time ts for a flow rate.  
(a)                                                                          (b)  
Fig 2. Temporal evolution of tracer concentration (a) Q =8, 6 L.min-1, (b) Q =17 L.min-1 
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We can notice that the curves have a same shape with a maximum concentration, then a continuous decrease. These
curves are similar to those obtained in the case of ideal plug flow reactors [10]. 
Table1 . Summary table of  RTD parameters 
8.6 
17 
0.71 
0.50 
0.02 
0.01 
1.0 
08 
Table 1 contains results for residence times and transition calculated for different flow rates considered. 
Comparing the values of mean residence time with time transit, we note that the higher the speed is high, the 
percentage of dead volume and residence time are low. 
We found that the mean residence time is less than the transit time for all flow rates. And referring to the theoretical 
curves we can suggest the existence of a stagnant or dead volume. 
From the values of the concentration of the tracer, we determined the different functions of RTD for different flow 
rates. Namely, the cumulative function F(t), the distribution function of residence time E(t), the function of internal 
age distribution I(t). An example of distribution curves and curve of intensity function Λ (t)  is gives in fig 3 and 
fig 4 
  
Fig  3. Distribution curves of residence time    Fig 4.Evolution intensity function A function of time
Referring to theoretical results [11] and taking into account the results found by calculating the mean residence 
time ts is less than the transit time for different flow rates , the existence of a dead volume is confirmed.
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4.2.  Photocatalytic degradation  
To test the effectiveness of photodegradation, we followed the temporal evolution of Linuron elimination rate during 
05 hours and at different flow rates (7.2, 8.6, 17 L/mn). These experiments were conducted with an initial 
concentration of linuron = 5 mg/L and TiO2 concentration = 0.5 g/L (Fig 5). 
Fig 5. Temporal evolution of Linuron elimination rate 
C LN = 5 mg/L, CTiO2 = 0.5 g/L 
The curves in fig 5. Show that the degradation of linuron  increases with flow rate to achieve a removal efficiency of 
70 %, but in the case of lower flow 7.2 L/min, a deposit of catalyst is observed on the inner of the reactor and on the 
pipes. This is due to a low variation speed of solid particles (TiO2), which interferes with the proper recirculation on 
the solution and limits the operation of reactor. 
Table 2. Value of kinetic constants, times of half reaction, medium solar flux and linuron elimination rate. 
kapp×10+3
(min-1) R
2 r0×10+2 
(mg/min) t½ (min) 
Flux solaire 
moyen (w/m2) R’(%) 
7.2
8.6 
17 
4.6±0,1
5.0±0,1 
6.5±0,2 
0.95
0.98 
0.99 
2.1
2.7 
3.2 
150.7
126.0 
106.6 
829.8
759.1 
819.6 
50.6
67.4 
69.5 
  
4. Conclusion:  
The photocatalysis is a photochemical technology of treatment which uses luminous irradiation as a source of 
energy able to initiate the chemical reactions which attack and destroy the pollutants.  
Combining the use of solar energy for the cleanup of water, we initially dimensioned a tubular solar photoreactor for 
the treatment of 30 litters polluted water.  
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The degradation of linuron in TiO2 suspension was investigated under the solar irradiation in a tubular reactor. We 
note that the elimination rate of linuron can achieve 70% in fixed condition (Q = 17L/min, C[LN] = 0.5 mig/L, 
 C TiO2 = 0.5 g/L. 
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